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IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicants: 



Harald KURZMANN et al. 



Application No.: 



NEW 



Filed: 



August 24, 2001 



For: 



VACUUM SWITCHING CHAMBER HAVING AN ANNULAR 
INSULATOR 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 



August 24, 2001 



Washington, DC 20231 
Sir: 

The following preliminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE SPECIFICATION 

Please replace the original specification with the Substitute Specification attached hereto. 
IN THE CLAIMS 

Please replace the original claims with the following new claims: 

1. (Amended) A vacuum switching chamber for switching short-circuit currents in 
the low-voltage range, including a stationary contact tip and a contact tip which can move axially 
with respect to the stationary contact tip, each contact tip including an associated power current 
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connection, comprising: 

an enclosure which surrounds the contacts, with the power current connection of 
the moving contact tip being in the form of a cylindrical bolt, the enclosure including rigid metal 
parts, an annular insulator and a resilient gas-tight metallic separating wall, connected to one 
another in an arrangement and connected in a gas-tight manner to the power current connections 
of the contact tips, and surrounding one of the rigid metal parts together with both tiie stationary 
contact tip and the moving contact tip, wherein the power current connection of the stationary 
'% contact tip is in the form of a plate, the metal part which surrounds the two contact tips is tubular 
U and is connected at the end to the plate, and wherem the resilient, metallic separating wall 
|i= includes a membrane which is provided with concentric corrugations, is in the form of a disk, 
W and is soldered on one side to the power current connection of the moving contact tip and on the 
J^^ other side via an axially running annular flange to the annular insulator. 

2. (Amended) The vacuum switching chamber as claimed in claim 1 , wherein, for a 
S switching movement of 3 to 5 mm, the membrane includes: 

a wall thickness s of between 0. 1 and 0.2 mm, 

a corrugation depth t of approximately half the switching movement, and 
a number Z of full corrugations, all of which satisfy the condition Z x 1 + integer 
( V~ [CDa " Db) * s]), at least 3, where = external diameter of the membrane, Dg = diameter of 
the power current connecting bolt of the moving contact tip, and s = thickness of the membrane. 

3. (Amended) The vacuum switching chamber as claimed in claim 1, wherein the 
contact tips are in the form of flat spiral contacts. 
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Please add the following new claim: 

4. The vacuum switching chamber as claimed in claim 2, wherein the contact tips are 
in the form of flat spiral contacts. ~ 



REMARKS 

Claims 1-4 are now present in this appUcation, with new claim 4 being added by the 
present PreUminary Amendment. It should be noted that the amendments to original claims 1-3 

a of the present application are non-narrowing amendments, made solely to place the claims in 
proper form for U.S. practice and not to overcome any prior art or for any other statutory 
considerations. For example, amendments have been made to remove reference numerals in the 
claims; remove the European phrase "characterized in that"; remove multiple dependencies in the 

K claims; and to place claims in a more recognizable U.S. form, including the use of the 

2 transitional phrase "comprising" as well as the phrase "wherein". Again, all amendments are 

O 

ll non-narrowing and have been made solely to place the claims in proper form for U.S. practice 
and not to overcome any prior art or for any other statutory considerations. 



SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in lieu 
of substitute paragraphs in cormection with the present Prelimmary Amendment. The substitute 
specification is submitted in clean form, attached hereto, and is accompanied by a marked-up 
version showing the changes made to the original specification. The changes have been made in 
an efifort to place the specification in better form for U.S. practice. No new matter has been 
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added by these changes to the specification. Further, the substitute specification includes 
paragraph numbers to facilitate amendment practice as requested by the U.S. Patent and 
Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-4 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the telephone 
number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension 
of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 747 

DJD:kna Falls Church, VA 22040-0747 

(703) 205-8000 



Docket No.: 3286-01 63P 

ABSTRACT OF THE DISCLOSURE 
A new vacuum switching chamber is intended for power breakers in the low-voltage 
range and is distinguished by a compact form with a small physical height and a high switching 
capacity. Its enclosure includes a plate-like power current connection, a cylindrical wall part 
which surrounds flat spiral contacts, an annular msulator and a membrane disk with a centrally 
arranged power current supply bolt. 
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SUBSTITUTE SPECIFIC ATION n o /Q'lj.^q-z 

VACUUM SWITCHING CHAMBER HAVING AN ANNULAR INSULATOR 

[0001] This application is the national phase under 35 U.S.C. § 371 of PCT International 
Application No. PCT/DEOO/00576 which has an International filing date of February 25, 
2000, which designated the United States of America, the entire contents of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to the field of electrical components, and is applicable, for 
example, to the design configuration of vacuum switching chambers whose enclosxxre has two 
cap-like metal parts and an mmular insulator, and which are, for example, intended for 
switching purposes in the lower A.C, voltage range (up to 1000 V). 

BACKGROUND OF THE INVENTION 

[0003] In a known vacuum switching chamber of this type, the two cap-like metal parts, 
which are composed of copper, and one of which forms the actual switching area for the 
stationary contact tip and the axially moving contact tip, are connected in a vacuum-tight 
manner at the end of the tubular wall region to the annular insulator. In each case, they are 
connected by blade soldering. In order to allow this known vacuum switching chamber to 
reliably switch short-circuit currents in the range from 50 to 100 kA while having axial and 
radial dimensions which are as small as possible, a folding bellows is soldered by one of its 
ends to the contact bolts of the moving contact tip, and in the immediate vicinity of the latter, 
and is surrounded concentrically by the annular insulator; a cap-like protective shield at the 
bottom of the moving contact tip in this case protects the folding bellows against electrical 
loads. - This vacuimi interrupter has no special shield for protection of the irmer isolating gap 
which is formed by the annular insulator, since a relatively broad end surface of the annular 
insulator faces away firom the contact region. - The power current connections of this known 
vacuum switching chamber are - as normal - in the form of bolts, which pass axially through 
the respective cap-like metal part. - The two contact tips are normally in the form of pot-type 
contacts; however, other known contact shapes may also be used (DE 44 22 316 Al). Another 
known contact shape is, for example, spiral contacts (spiral petal contacts) with, in particular, 
flat, plate-like contact electrodes, which are provided with slits running inward fi:om the outer 
circumference. These slits may each comprise a straight section and a hole which passes 
through the contact surface (EP 0 532 513 Bl). 

1 
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[0004] Vacuum interrupters are akeady known as switching elements for low-voltage 
contactors, in which the folding bellows forms a part of the outer surface of the enclosure and 
in this case connected in a vacuum-tight manner on one side to the power current connection 
of the moving contact bolt and on the other side, at the end, to a short tubular insulator (DE 
37 09 585 C2). A folding bellows may in this case be connected by blade soldering both to 
the insulator and to the power current connection of the moving contact bolt (DE 195 10 850 
CI). 

[0005] Furthermore, vacuum switches are known for shunt operation of D.C. electrolysis 
cellsj which have to switch a current of about 4000 A with a switching voltage of about 4 
volts, and in which cylindrical contacts are incorporated in planar, conductive end plates, in 
order to allow the switch to be electrically connected to electrical connecting rails. In this 
case, each contact is soldered in a vacuum-tight manner via a corrugated membrane in the 
form of a disk to an insulating ring, which is arranged concentrically about the switching 
path. In one case, a holder for a shield in the form of a short piece of tubing is incorporated in 
the soldered joint, (which is produced as a blade soldered joint by means of an axial annular 
flange) between the membranes and the insulating ring (US 4,216,360 A, DE 29 44 286 A), 
[0006] For vacuum switches which are used as vacuum contactors for low voltage, it is also 
known for a membrane which is provided with two deep, concentrically arranged, 
corrugations also to be used instead of a folding bellows as a sprung closure part for the 
switching chamber, which allows the moving contact tip to move. The two parts of the 
transversely split power current connecting bolt of the moving contact are soldered to this 
region of the membrane in the central region of the membrane, which is planar (DE 27 25 092 
Al). 

SUMMARY OF THE INVENTION 
[0007] The present invention is based on an object, for example, of further reducing the 
physical size of the known vacuum switching chamber, while at the same time increasing the 
switching capacity in the process. 

[0008] In order to achieve this object, the invention proposes that the power current 
connection of the stationary contact tip is in the form of a plate, that the metal part which 
surrounds the two contact tips is tubular and is connected at the end to the plate, and that the 
resilient, metallic separating wall comprises a membrane which is provided with concentric 
corrugations, is in the form of a disk, and is soldered on one side to the power current 
connection (which is in the form of a bolt) of the moving contact tip and on the other side via 
an axially running annular flange to the annular insulator. 

[0009] Such a configuration of the vacuum switching chambers leads to a flat shape with a 
physical height which is considerably less than that of conventional vacuum interrupters. A 
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contributory factor here is firstly the configwation of the one power current connection as a 
plate instead of a cylindrical bolt, as was normal in the past, with this plate at the same time 
forming an end cover for the intrinsically cylindrical switching chamber. Another 
contributory factor is the use of a corrugated membrane instead of the otherwise normal 
folding bellows. 

[0010] In order to ensure the necessary number of switching operations (at least 10,000 for 
example) for a switching movement of about 3 to 5 mm with this abnormal use of a 
membrane for a vacuum switching chamber which is used in a low-voltage A.C. power 
supply system, the number and depth of the corrugations for the membrane have to be 
designed appropriately. For this purpose, a further refinement of the invention provides that, 
with a wall thickness of between 0.1 and 0.2 mm and a corrugation depth of approximately 
half the switching movement, the membrane has a number Z of full corrugations which is 
greater than 1 + integer of the cube root of the external membrane diameter minus the 
power current connecting bolt diameter Dg mxxltiplied by the wall thickness s of the 
membrane, but at least 3, with the individual dimensions to be used being hi millimeters. The 
boundary condition mentioned above is expressed as a mathematically formulated 
relationship as follows: 

Z T 1 + integer (^f [(D^ - Dg) * s]), at least 3. 

[0011] Such a configuration of the membrane allows the corrugation to be chosen such that 
the radius of curvature corresponds approximately to the switching movement, and the 
individual corrugation trough corresponds to a circular arc with a circumferential angle of 
about 90°. However, the corrugation may also be in the form of a sine wave with straight 
flanks. 

[0012] The novel switching chamber can be refined further by design measures such as those 
already proposed in the prior German Patent AppHcation 198 02 893.8. According to this 
document, the flat shape of the novel vacuum switching chamber can be pronounced to an 
even greater extent if the contact tips are in the form of spiral contacts, in particular flat spiral 
contacts. The use of spiral contacts also leads to better arc mmagement, thus resulting in an 
improved switching capacity. For example, the use of flat spiral contacts with a diameter of 
about 90 mm allows short-circuit currents of up to about 130 kA to be switched. - Irrespective 
of the diameter of the spiral contacts, it is recommended that a vapor barrier in the form of a 
disk be positioned between the moving contact tip and the associated power current 
connecting bolt, which vapor barrier is composed, for example, of a chromium-nickel steel 
and which, for vacuum switching chambers with a small switching capacity, can possibly be 
used for mechanical reinforcement of the moving spiral contact, whose thickness is reduced. 
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[0013] The novel refinement of the vacuum switching chamber also allows direct connection 
of the stationary contact tip to the associated plate-like power current connection, thus 
ensuring optimum heat dissipation when using a connecting bolt with a large diameter for the 
moving contact tip. The overall compact shape means that there is no need for any special 
guidance for the connecting bolt for the moving contact tip^ as has been normal in the past for 
vacuum interrupters for power breakers when using a plastic bush. This allows the vacuum 
switching chamber to be more highly thermally loaded. 

[0014] The novel design of the vacuum switching chamber also allows all the individual parts 
- except for the annular insulator - to be constructed such that they are self-centering, so that 
all the individual parts can be soldered to one another in a single operation (closure soldering) 
without using any expensive and complex soldering forms. To this end, it is recommended 
that the stationary contact tip be connected via a short centering stub to the plate-like power 
current connection, while the moving contact tip is connected to the corrugated membrane, 
centered via the contact bolt 

[0015] The shape of the tubular part which surrounds the two contact tips - particularly when 
they are in the form of flat spiral contacts - depends on the respectively intended SAvitching 
capacity. For low switching capacities from about 40 to 60 kA, this part may be in the form of 
a hollow cylinder. For higher switching capacities, that is to say for larger contact diameters, 
it is recommended that the tubular part be provided with a conical taper at the end facing the 
annular insulator; this allows the use of an insulator and a corrugated membrane having a 
considerably smaller diameter than that of the spiral contacts. - Irrespective of the shape of 
the tubular part, which is preferably composed of copper, it is recommended that this tubular 
part be provided with arc-resistant cladding on the inner wall in the region of the switching 
path, for example by using sheet-metal parts composed of a chromium-copper composite 
material, or by electrochemical plating with chromium. 

[0016] The insulating ring which is arranged between the corrugated membrane and the 
tubular part of the enclosure can, in a known manner, be formed by appropriate configuration 
of its cross-sectional contour such that there is no need to arrange a shield for protection 
against the deposition of metal vapor particles. If, on the other hand, the insulating ring is 
carrying out only an insulating function, the tubular metal part may have an attachment which 
acts as a vapor shield, as has already been proposed per se in the prior German Patent 
Application 198 26 766.5. With the metal part having these two functions, the transition from 
the area associated with the enclosure to the area which is used as the vapor shield has a 
corrugated form, so that the metal part touches the end surface of the insulating ring only in 
the form of a line, and thus allows a type of blade soldering in this area. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] Two exemplary embodiments of the novel switching chamber are illustrated in 
Figures 1 and 2, in which: 

Figure 1 shows a cross section of the switching chamber, and 

Figure 2 shows a plan view of the plate-like power current connection. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0018] In the illustrated vacuum switching chamber, the enclosure comprises an upper 
metallic plate 1 which acts as the power current connection and is composed of copper, a 
hollow-cylindrical wall part 3 which is butt-soldered to it and is composed of copper, an 
annular insulator 4, a corrugated membrane 5 which is arranged coaxially with respect to the 
annular insulator 4, and a cylindrical power current connecting bolt 2. In this case, the annular 
insulator is designed in the same way as the insulator according to DE 44 22 316 Al, that is 
to say with an approximately square cross section and v^th a chamfer and an undercut. A 
stationary flat spiral contact 6 and a moving flat spiral contact 7 are arranged within the 
enclosure. The spiral contact 6 is connected to the plate 1 via a short centering stub 61, which 
engages in a centering hole in the spiral contact. The spiral contact 7 is seated on a centering 
attachment 21 on the power current supply bolt 2, which attachment acts as a constriction to 
the current flow. This is soldered at its other end to the corrugated membrane 5, in the region 
of a centering attachment 22* The membrane 5 is itself soldered to the insulator 4 
via the axially running annular flange 51. This annular flange can be formed integrally with 
the membrane. - A vapor barrier 9 in the form of a flat disk composed of a mechanically 
strong material such as chromium-nickel steel is also arranged between the moving spiral 
contact 7 and the power current supply bolt 2. This vapor barrier 9 is used to shadow the 
annular insulator 4 from metal particles released from the spiral contacts 6 and 7 during the 
switching process. 

[0019] The construction of the vacuum switching chamber is chosen such that all the 
individual parts can be soldered to one another in the course of a single soldering process. 
The degassing gaps required for this purpose can be provided with means, which are known 
from the prior art, in the joint region between the annular insulator 4 and the hollow- 
cylindrical wall part 3. 

[0020] In the illustration shown in Figure 1, two different embodiments are illustrated of the 
tubular metal part which is arranged between the plate-like power current connection 1 and 
the aimular insulator 4, In the left-hand part of the illustration, a tubular part 3 is provided as 
the wall part, whose ends are soldered fnstly to the metallic plate 1 and secondly to one end 
surface in the annular insulator 4; in the right-hand part of the illustration, the wall part 31 is 
formed integrally with a shield 32, and is slightly corrugated in the transitional region from 
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the wall part to the shield. In addition, an insulating ring 41 which has a simple, rectangular 
cross section is used in the right-hand part of the illustration. - Furthermore, Figure 1 shows 
two different embodiments for the connection of the corrugated membrane 5 to the power 
current connecting bolt 2. In the left-hand illustration, blade soldering on the circumference of 
* the power cxurent connecting bolt 2 is provided, while, in or in the illustration on the right- 
hand side, the corrugated membrane 52 is soldered to the power current connecting bolt 2 in 
the region of a centering shoulder. Furthermore, an annular flange 51 which is welded to the 
membrane is provided in the left-hand illustration, while the annular flange is formed 
integrally vrith the membrane in the right-hand illustration. 

[0021] Figure 2 shows a plan view of the plate 1, which acts as the power current connection, 
for the vacuum switching chamber shown in Figure 1 . Rectangular or square shaping of the 
planar plate 1 leaves sufficient space for holes 1 1, which are used to attach the power current 

;5 connection to a corresponding part of an associated switching device. 

S [0022] The membrane shown in Figure 1 may, for example, have the following dimensions: 

External diameter: D^^: 77 mm 

Internal diameter (diameter of the power current connecting bolt): 
Dp: 25 mm 

Wall thickness: s: 0.2 mm 
j^!^ Corrugation depth (distance between the corrugation peak and the corrugation 

□ trough): t: 2 mm 

^ Number Z of corrugations: >3. 

5 [0023] The invention being thus described, it will be obvious that the same may be varied in 

many ways. Such variations are not to be regarded as a departure fi*om the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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Description 

Vacuum switching charnber having an annular insulator 



5 The invention relates to the field of 

electrical components, and is applicable to the design 
configuration of vacuum switching chambers whose 
enclosure has two cap- like metal parts and an annular 
insulator, and which are intended for switching 
10 purposes in the lower A.C. voltage range (up to 
1000 V) . 

In a known vacuum switching chamber of this 
type, the two cap-like metal parts, which are composed 
of copper, and one of which forms the actual switching 
15 area for the stationary contact tip and the axially 
moving contact tip, are connected in a vacuum-tight 

; 5 H 

manner at the end of the tubular wall region to the 
annular insulator, in each case by means of blade 
soldering. In order to allow this known vacuum 
20 switching chamber to reliably switch short-circuit 
currents in the range from 50 to 100 kA while having 
axial and radial dimensions which are as small as 
possible, a folding bellows is soldered by one of its 
ends to the contact bolts of the moving contact tip, 
25 and in the immediate vicinity of the latter, and is 
surrounded concentrically by the annular insulator; a 
cap- like protective shield at the bottom of the moving 
contact tip in this case protects the folding bellows 
against electrical loads. - This vacuum interrupter has 
3 0 no special shield for protection of the inner isolating 
gap which is formed by the annular insulator, since a 
relatively broad end surface of the annular insulator 
faces away from the contact region. - The power current 
connections of this known vacuum switching chamber are 
3 5 - as normal - in the form of bolts, which pass axially 
through the respective cap-like metal part. - The two 
contact tips are normally in the form of pot -type 
contacts; however, other known 
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contact shapes may also be used (DE 44 22 316 Al) . 
Another known contact shape is, for example^ spiral 
contacts (spiral petal contacts) with, in particular, 
flat, plate-like contact electrodes, which are provided 
5 with slits running inward from the outer circumference. 
These slits may each comprise a straight section and a 
hole which passes through the contact surface (EP 0 532 
513 Bl) . 

Vacuum interrupters are already known as 
10 switching elements for low-voltage contactors, in which 
the folding bellows forms a part of the outer surface 
of the enclosure and in this case connected in a 
vacuum-tight manner on one side to the power current 
connection of the moving contact bolt and on the other 
15 side, at the end, to a short tubular insulator (DE 37 
09 585 C2) . A folding bellows may in this case be 
connected by blade soldering both to the insulator and 
to the power current connection of the moving contact 
bolt (DE 195 10 850 CI) 1 
2 0 Furthermore, vacuum switches are known for 

shunt operation of D.C. electrolysis cells, which have 
to switch a current of about 4 00 0 A with a switching 
voltage of about 4 volts, and in which cylindrical 
contacts are incorporated in planar, conductive end 

2 5 plates, in order to allow the switch to be electrically 

connected to electrical connecting rails. In this case, 
each contact is soldered in a vacuum- tight manner via a 
corrugated membrane in the form of a disk to an 
insulating ring, which is arranged concentrically about 

3 0 the switching path. In one case, a holder for a shield 

in the form of a short piece of tubing is incorporated 
in the soldered joint, (which is produced as a blade 
soldered joint by means of an axial annular flange) 
between the membranes and the insulating ring (US 
35 4,216,360 A, DE 29 44 286 A) . 
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For vacuum switches which are used as vacuum 
contactors for low voltage, it is also known for a 
membrane which is provided with two deep, concen- 
trically arranged, corrugations also to be used instead 
5 of a folding bellows as a sprung closure part for the 
switching chamber, which allows the moving contact tip 
to move. The two parts of the transversely split power 
current connecting bolt of the moving contact are 
soldered to this region of the membrane in the central 
10 region of the membrane, which is planar (DE 27 25 092 
Al) . 

Against the background of a vacuum switching 
chamber having the features of the pre-characterizing 
clause of patent claim 1 (DE 44 22 316 Al) , the 
15 invention is based on the object of further reducing 
the physical size of the known vacuum switching 
chamber, while at the same time increasing the 
switching capacity in the process. 

In order to achieve this object, the invention 

2 0 proposes that the power current connection of the 

stationary contact tip is in the form of a plate, that 
the metal part which surrounds the two contact tips is 
tubular and is connected at the end to the plate, and 
that the resilient, metallic separating wall comprises 
25 a membrane which is provided with concentric 
corrugations, is in the form of a disk, and is soldered 
on one side to the power current connection (which is 
in the form of a bolt) of the moving contact tip and on 
the other side via an axial ly running annular flange to 

3 0 the annular insulator. 

Such a configuration of the vacuum switching 
chambers leads to a flat shape with a physical height 
which is considerably less than that of conventional 
vacuum interrupters. A contributory factor here is 
35 firstly the configuration of the one power current 
connection as a plate instead of a cylindrical bolt, as 
was normal in the past. 
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with this plate at the same time forming an end cover 
for the intrinsically cylindrical switching chamber. 
Another contributory factor is the use of a corrugated 
membrane instead of the otherwise normal folding 
bellows . 

In order to ensure the necessary number of 
switching operations (at least 10,000) for a switching 
movement of about 3 to 5 mm with this abnormal use of a 
membrane for a vacuum switching chamber which is used 
in a low-voltage A.C. power supply system, the number 
and depth of the corrugations for the membrane have to 
be designed appropriately. For this purpose, a further 
refinement of the invention provides that , with a wall 
thickness of between 0.1 and 0.2 mm and a corrugation 
depth of approximately half the switching movement, the 
membrane has a number Z of full corrugations which is 
greater than 1 + integer of the cube root of the 
external membrane diameter Da minus the power current 
connecting bolt diameter Db multiplied by the wall 
thickness s of the membrane, but at least 3, with the 
individual dimensions to be used being in millimeters. 
The boundary condition mentioned above is expressed as 
a mathematically formulated relationship as follows: 
Z T 1 + integer [(Da - Db) s] ) , at least 3. 

Such a configuration of the membrane allows the 
corrugation to be chosen such that the radius of 
curvature corresponds approximately to the switching 
movement, and the individual corrugation trough 
corresponds to a circular arc with a circumferential 
angle of about 90°. However, the corrugation may also 
be in the form of a sine wave with straight flanks. 

The novel switching chamber can be refined 
further by design measures such as those already 
proposed in the prior German Patent Application 
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198 02 893.8. According to this document, the flat 
shape of the novel vacuum switching chamber can be 
pronounced to an even greater extent if the contact 
tips are in the form of spiral contacts, in particular 
flat spiral contacts. The use of spiral contacts also 
leads to better arc management, thus resulting in an 
improved switching capacity. For example, the use of 
flat spiral contacts with a diameter of about 90 mm 
allows short-circuit currents of up to about 13 0 kA to 
be switched. - Irrespective of the diameter of the 
spiral contacts, it is recommended that a vapor barrier 
in the form of a disk be positioned between the moving 
contact tip and the associated power current connecting 
bolt, which vapor barrier is composed, for example, of 
a chromium-nickel steel and which, for vacuum switching 
chambers with a small switching capacity, can possibly 
be used for mechanical reinforcement of the moving 
spiral contact, whose thickness is 'reduced. 

The novel refinement of the vacuum switching 
chamber also allows direct connection of the stationary 
contact tip to the associated plate -like power current 
connection, thus ensuring optimum heat dissipation when 
using a connecting bolt with a large diameter for the 
moving contact tip. The overall compact shape means 
that there is no need for any special guidance for the 
connecting bolt for the moving contact tip, as has been 
normal in the past for vacuum interrupters for power 
breakers when using a plastic bush. This allows the 
vacuum switching chamber to be more highly thermally 
loaded. 

The novel design of the vacuum switching chamber also 
allows all the individual parts - except for the 
annular insulator - to be constructed such that they 
are self-centering , so that all the individual parts 
can be soldered to one another in a single 
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operation (closure soldering) without using any expen- 
sive and complex soldering forms. To this end, it is 
recommended that the stationary contact tip be 
connected via a short centering stub to the plate-like 
5 power current connection, while the moving contact tip 
is connected to the corrugated membrane, centered via 
the contact bolt. 

The shape of the tubular part which surrounds 
the two contact tips - particularly when they are in 
10 the form of flat spiral contacts - depends on the 
respectively intended switching capacity. For low 
switching capacities from about 40 to 60 kA, this part 
may be in the form of a hollow cylinder. For higher 
switching capacities, that is to say for larger contact 
15 diameters, it is recommended that the tubular part be 
provided with a conical taper at the end facing the 
annular insulator; this allows the use of an insulator 
and a corrugated membrane having a considerably smaller 
diameter than that of the spiral contacts. - Irrespec- 
2 0 tive of the shape of the tubular part, which is 
preferably composed of copper, it is recommended that 
this tubular part be provided with arc -resistant 
cladding on the inner wall in the region of the 
switching path, for example by using sheet -metal parts 
25 composed of a chromium- copper composite material, or by 
electrochemical plating with chromium. 

The insulating ring which is arranged between 
the corrugated membrane and the tubular part of the 
enclosure can, in a known manner, be formed by approp- 
30 riate configuration of its cross-sectional contour such 
that there is no need to arrange a shield for 
protection against the deposition of metal vapor 
particles. If, on the other hand, the insulating ring 
is carrying out only an insulating function, the 
35 tubular metal part may have an attachment which acts as 
a vapor shield, as has already been proposed per se in 
the 
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prior German Patent Application 198 26 766.5. With the 
metal part having these two functions, the transition 
from the area associated with the enclosure to the area 
which is used as the vapor shield has a corrugated 
form, so that the metal part touches the end surface of 
the insulating ring only in the form of a line, and 
thus allows a type of blade soldering in this area. 

Two exemplary embodiments of the novel 
switching chamber are illustrated in Figures 1 and 2, 
in which: 

Figure 1 shows a cross section of the switching 

^ ^ chamber , and 
Figure 2 shows a plan view of the plate-like power 
" current connection. 

In the illustrated vacuum switching chamber, 
the enclosure comprises an upper metallic plate 1 which 
acts as the power current connection and is composed of 
copper, a hollow-cylindrical wall part 3 which is butt- 
soldered to it and is composed of copper, an annular 
insulator 4, a corrugated membrane 5 which is arranged 
cpaxially with respect to the annular insulator 4, and 
a cylindrical power current connecting bolt 2. In this 
case, the annular insulator is designed in the same way 
as the insulator according to DE 44 22 316 Al, that is 
to say with an approximately square cross section and 
with a chamfer and an undercut. A stationary flat 
spiral contact 6 and a moving flat spiral contact 7 are 
arranged within the enclosure. The spiral contact 6 is 
connected to the plate 1 via a short centering stub 61, 
which engages in a centering hole in the spiral 
contact. The spiral contact 7 is seated on a centering 
attachment 21 on the power current supply bolt 2, which 
attachment acts as a constriction to the current flow. 
This is soldered at its other end to the corrugated 
membrane 5, in the region of a centering attachment 22. 
The membrane 5 is itself soldered to the insulator 4 
via the axially running annular flange 51. This 
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annular flange can be formed integrally with the 
membrane. - A vapor barrier 9 in the form of a flat 
disk composed of a mechanically strong material such as 
chromium-nickel steel is also arranged between the 
5 moving spiral contact 7 and the power current supply 
bolt 2. This vapor barrier 9 is used to shadow the 
annular insulator 4 from metal particles released from 
the spiral contacts 6 and 7 during the switching 
process , 

10 The construction of the vacuum switching 

chamber is chosen such that all the individual parts 
can be soldered to one another in the course of a 
# single soldering process. The degassing gaps required 

for this purpose can be provided with means, which are 
15 known from the prior art, in the joint region between 
the annular insulator 4 and the hollow-cylindrical wall 
. part 3 . 

1^' In the illustration shown in Figure 1, two 

'f^ different embodiments are illustrated of the tubular 

ijj 2 0 metal part which is arranged between the plate -like 
;Sl power current connection 1 and the annular insulator 4 . 

In the left-hand part of the illustration, a tubular 
part 3 is provided as the wall part, whose ends are 
soldered firstly to the metallic plate 1 and secondly 
25 to one end surface in the annular insulator 4; in the 
right-hand part of the illustration, the wall part 31 
is formed integrally with a shield 32, and is slightly 
corrugated in the transitional region from the wall 
part to the shield. In addition, an insulating ring 41 
3 0 which has a simple, rectangular cross section is used 
in the right-hand part of the illustration. - Further- 
more, Figure 1 shows two different embodiments for the 
connection of the corrugated membrane 5 to the power 
current connecting bolt 2. In the left-hand illus- 
35 tration, blade soldering on the circumference of the 
power current connecting bolt 2 is provided, while, in 
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or in the illustration on the right-hand side, the 
corrugated membrane 52 is soldered to the power current 
connecting bolt 2 in the region of a centering 
shoulder. Furthermore, an annular flange 51 which is 
welded to the membrane is provided in the left-hand 
illustration, while the annular flange is formed 
integrally with the membrane in the right-hand 
illustration. 

Figure 2 shows a plan view of the plate 1, 
which acts as the power current connection, for the 
vacuum switching chamber shown in Figure 1. Rectangular 
or square shaping of the planar plate 1 leaves 
sufficient space for holes 11, which are used to attach 
the power current connection to a corresponding part of 
an associated switching device. 

The membrane shown in Figure 1 may, for 
example, have the following dimensions: 

External diameter: Da: 77 mm 

Internal diameter 
(diameter of the power 

current connecting bolt) : Db: 25 mm 
Wall thickness: s: 0.2 mm 

Corrugation depth 
(distance between 
the corrugation peak 
and the corrugation 

trough) : t : 2 mm 

Number Z of 

corrugations: t3 
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Patent Claims 

1. A vacuum switching chamber for switching short- 
circuit currents in the low- voltage range, 
comprising: a stationary contact tip and a contact tip 
which can move axially with respect to it, each having 
an associated power current connection, 

and an enclosure which surrounds the contacts, 

with the power current connection of the moving contact 

tip being in the form of a cylindrical bolt, and 

with the enclosure having rigid metal parts, an annular 

insulator and a resilient gas-tight metallic separating 

wall , 

and these enclosure parts being connected to one 
another in a specific arrangement and being connected 
in a gas-tight manner to the power current connections 
of the contact tips, 

and surrounding one of the rigid metal parts together 
with both the stationary contact tip and the moving 
contact tip, 
characterized 

in that the power current connection of the stationary 
contact tip (6) is in the form of a plate (1) , 
in that the metal part (3) which surrounds the two 
contact tips (6 , 7) is tubular and is connected at the 
end to the plate (1) , 

and in that the resilient, metallic separating wall 
comprises a membrane (5) which is provided with 
concentric corrugations, is in the form of a disk, and 
is soldered on one side to the power current connection 

(which is in the form of a bolt (2)) of the moving 
contact tip (7) and on the other side via an axially 
running annular flange (51) to the annular insulator 

(4) . 

2 . The vacuum switching chamber as claimed in 
claim 1, 

characterized 
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in that, for a switching movement of 3 to 5 mm, the 
membrane ( 5 ) ha s 

- a wall thickness s of between 0.1 and 0,2 mm, 

- a corrugation depth t of approximately half the 
switching movement, and 

- a number Z of full corrugations, which satisfy the 
condition 

Z T 1 + integer [(Da - Db) s] ) , at least 3, 

where 

Da - external diameter of the membrane [ mm ] 

Db = diameter of the power current connecting bolt of 

the moving contact tip [ mm ] and 
s = thickness of the membrane [ mm ] . 

3 . Vacuum switching chamber as claimed in claim 1 

or 2, 

characterized 

in that the contact tips are in the form of flat spiral 
contacts (6 , 7) . 
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anmeldungen fur ein Patent oder eine Erflndersurkun- 
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As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are | 
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I believe I am the original, first and sole inventor (if only 
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prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
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below and, Insofar as the subject matter of each of the 
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United States application in the manner provided by 
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GERMAN 


rosianscnnu 

GRUENER BOGEN 6 


GRUENER BOGEN 6 


15366 NEUENHAGEN 


15366 NEUENHAGEN 



{Bitte entsprechende Informationen und Unterschriften im 
Falte von dritten und weiteren Miterfindern angeben). 



(Supply similar information and signature for third and 
subsequent Joint inventors). 
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Voller Name des dritten Miterfinders: 

MICHAEL HAHN 


Full name of third joint inventor: 

MICHAEL HAHN 


Unterschrifl des Erfinders Datum 

/ 


Inventor's signature A Date 


Wohnsitz 

BERLIN, 


Residence 

BERLIN, 


Staatsange ho rig keit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

EFEUWEG 14 A 


Post Office Address 

EFEUWEG 14 A 


12357 BERLIN 


12357 BERLIN 


Voller Name des vierten Miterfinders: 

Dr. WERNER HARTMANN 


Full name of fourth joint inventor 

Dr. WERNER HARTMANN 


Unterschrifl des Erfinders Datum 

>^ 


Inventor's signature Date 

V 


Wohnsitz 

GROSSENSEEBACH, 


Residence 

GROSSENSEEBACH, 


Staatsangehorlgkeit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

NEUE STR.28 


Post Office Address 

NEUE STR.28 


91091 GROSSENSEEBACH 


91091 GROSSENSEEBACH 


Voller Name des fOnften Miterfinders: 

HAIj?ALD KUR^MANN 


Full name of fifth joint inventor: 

WffAVD KURZMANN 


Unter^cHi-ift des Erfinders Datum 


Inver^Q^s signature \ Date 


Wohhsitz 

BERLIN, 


Residence 

BERLIN, 


Staatsangehorlgkeit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

GRUENER WALL 50 


Post Office Address 

GRUENER WALL 50 


14089 BERLIN 


14089 BERLIN 


Voller Name des sechsten Miterfinders: 

JOERG KUSSEROW 


Full name of sixth joint inventor: 

JOERG KUSSEROW 


Unterschrifl des Erfinders Datum 


Inventors signature V — Date 


Wohnsite^ 

NEUENHAGEN, 


Residence ^ 

NEUENHAGEN, ^^h6V^ 


Staatsangehorlgkeit 

DEUTSCH 


"Citteerishtp " — - — — - 
GERMAN 


Postanschrift 

GRUENER BOGEN 6 


Post Office Address 

GRUENER BOGEN 6 


15366 NEUENHAGEN 


15366 NEUENHAGEN 



(S/Yte entsprechende informationen and Unterschriften im 
Fails von dritten und weiteren Miterfindern angeben). 



(Supply simitar information and signature for third and 
subsequent joint inventors). 
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Voller Name des siebten Miterfinders: 

KATHRINA MAREK 


Full name of seventh joint inventor: 

KATHRINA MAREK 


Unterschrifl de6-Bfinders^ Datum 


Inventoijs signahpre r\ Date 


Wohnsitz 

ZEPERNICK, 


Residence 

7EPFRNICK, 


Staatsangehorigkeit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

ELBESTR. 30 


Post Office Address 

ELBESTR. 30 


16341 ZEPERNICK 


16341 ZEPERNICK 


Voiler Name des achten Miterfinders (falls zutreffend): 

KLAUS OBERNDOERFER 


Full name of eighth joint inventor, if any: 

KLAUS OBERNDOERFER 


Unterschrift des Erfinders ^ . J f 


Inventor's siqnature ^ / T 


Wohnsitz / 

BERLIN, 


Residence / 
RFRI IN._ ^tf~^ 


Staatsangehorigkeit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

THRASOLTSTR.20 


Post Office Address 

THRASOLTSTR.20 


10585 BERLIN 


10585 BERLIN 


Voller Name des neunten Miterfinders (falls zutreffend): 

Dr. ROMAN RENZ 


Full name of nineth joint inventor, if any: 
Dr ROyAN RFJslZ 


Unter|<Sirirt des Erfinders L \ Datum 


lnventor;s^siynature ft \ q Date 


BERLIN, 


Residence 

JBERyN^ 4)-^jr 


Staatsangehorigkeit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

NEUHOFER STR.78 


Post Office Address 

NEUHOFER STR.78 


12355 BERLIN 


12355 BERLIN 


Voller Name des zehnten Miterfinders (falls zutreffend): 

DETLEV SCHMIDT 


Full name of tenth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inv^to^ signature ^ Date 


Wohnsitz / 

BERLIN, 


Residence / 

BERLIN,. 1^7 


Staatsangehorig keit 

DEUTSCH 


Citizenship 

GERMAN 


Postanschrift 

RICHARDSTR. 61 


Post Office Address 

RICHARDSTR. 61 


12055 BERLIN 


12055 BERLIN 



{BlUe entsprechende Informationen and Unterschriften im (Supply simifar information and signature for third and 
Falle von dritten und weiteren Mlterfindern angeben). subsequent joint inventors). 
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Application No. 09/914,193 
Docket No. 32860-000 163/US 

POWER OF ATTORNEY 

The Declaration submitted along with this application includes a Power of Attorney listing the 

attorneys of Birch, Stewart, Kolasch & Birch, LLP. Please hereby revoke the aforementioned 

attorneys and substitute the attorneys of Customer No. 30596, including the following attorneys of 

Harness, Dickey & Pierce, P.L.C., to prosecute this application and to transact all business in the 

Patent and Trademark Office connected therewith: 

Terry L. Clark Registration No. 32,644 

Donald J. Daley Registration No. 34,3 13 

John A. Castellano Registration No. 35,094 

Gary D. Yacura Registration No. 35,416 

Thomas S. Auchterlonie Registration No. 37,275 

Timothy R. Wyckoff Registration No. 46, 175 

CORRESPONDENCE ADDRESS 

I request the Patent and Trademark Office to direct all correspondence and telephone calls 
relative to this application to Customer No. 30596, Harness, Dickey & Pierce, P.L.C., P.O. Box 8910, 
Reston, Virginia 20195, (703) 390-3030. 

The undersigned is empowered with full Power of Attorney on behalf of the assignee. 

Respectfully submitted, 

HARNESS, DICKEY & PIERCE, P.L.C 




Donald J. Daley, Re^. No. 34,313 



P.O. Box 8910 

DJD:kna Reston, Virginia 20195 

(703) 390-3030 
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Applicant: 
Application No.: 
Filed: 
For: 



PATENT 
32860-000163/US 
IN THE U.S. PATENT AND TRADEMARK OFFICE 

Harald KURZMANN et al. Conf. No.: 9466 

09/914,193 Group: Not Assigned 

August 24, 2001 Examiner: Not Assigned 

VACUUM SWITCHING CHAMBER HAVING AN 
ANNULAR INSULATOR 



CHANGE OF ADDRESS AND REVOCATION AND 
SUBSTITUTION OF POWER OF ATTORNEY 

Hon. Commissioner of Patents and Trademarks December 17, 2001 

Washington, D.C. 20231 

Sir: 

Under 37 C.F.R. § 3.73(b), die undersigned hereby states that the below-named Assignee is 
an assignee in the above-identified Application: 

Assignee: SIEMENS AKTIENGESELLSCHAFT 
The documentary evidence of a chain of title from the original owner to the Assignee is 
provided in the Assignment Document(s): 

13 filed herewith, 
I I previously filed. 

Reel No. , Frame No. . 

I hereby declare that all statements made herein of my own knowledge are true, and that all 
statements made on information and belief are believed to be true; and further that these statements 
are made with die knowledge that willful false statements, and the like so made, are punishable by 
fine or imprisonment, or both, under Section 1001, Tide 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



